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(57) ABSTRACT

In a fuel ijection valve body for a direct injection type
internal combustion engine, an entire nozzle body tip por-
fion 1s formed 1n a conical shape protruding from a nozzle
body outer peripheral surface covered with a cap. Therefore,
neither a corner portion or a recessed portion 1s formed on
a surface of the nozzle body tip portion. This prevents heat
generated by combustion from concentrating at a corner
porfion or a surface arca from enlarging by a recessed
portion, which 1n turn prevents heat generated by combus-
fion from increasing the temperature of the nozzle body tip
portion. Moreover, since a foremost portion of a spherical
shape 1s formed such that 1t does not form a corner portion
or a recessed portion 1n a peripheral portion of a conical
shape, heat generated by combustion does not increase the
temperature of the nozzle body tip portion. The temperature
of a nozzle hole can therefore be prevented from increasing
and accumulation of deposits can be restricted.
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FUEL INJECTION VALVE BODY FOR
DIRECT INJECTION TYPE INTERNAL
COMBUSTION ENGINE

INCORPORAITION BY REFERENCE

The disclosure of Japanese Patent Application No. 2000-
322581 filed on Oct. 23, 2000, including the speciiication,
drawings and abstract 1s incorporated herein by reference in
its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The mvention relates to a fuel 1injection valve body for a
direct 1njection type internal combustion engine, 1n which
fuel 1s 1mjected directly mto a combustion chamber of the
internal combustion engine.

2. Description of Related Art

A direct 1njection type internal combustion engine, pro-
vided with a fuel 1njection valve that injects fuel directly 1nto
a combustion chamber, executes stratified charege combus-
tion by 1njecting fuel into the combustion chamber during a
compression stroke, thereby improving fuel economy. In
stratified charge combustion, it 1s necessary that fuel injected
from the fuel injection valve forms layered rich fuel-air
mixture, and that the layered rich fuel-air mixture reaches an
ignition plug at an ignition timing. For this reason, 1t 1s
important that the shape and direction of fuel imjected from
a nozzle hole of the fuel injection valve body be accurately
maintained to ensure a stabilized operation of the internal
combustion engine.

If deposits accumulate in the nozzle hole, however, the
shape and direction of fuel imjected from the nozzle hole
may be changed. In such cases, it becomes 1mpossible for
layered rich fuel-air mixture to reach the ignition plug at the
1gnition timing, resulting at times 1n an unstable operation of
the 1nternal combustion engine. The term “deposits” used
herein refers to an oxide or a carbide produced when fuel
and/or o1l are burnt.

Since accumulation of the deposits depends on the tem-
perature of the nozzle hole, as described 1n, for example,
Japanese Patent Laid-Open Publication No. 09-264232, 1t 1s
important to control the temperature of the nozzle hole to
ensure accurate fuel injection. However, the conventional
fuel mjection valve body for direct injection type internal
combustion engines has been insufficient to control the
temperature of the nozzle hole. For example, 1n a conven-
tional fuel injection valve body for direct mjection type
internal combustion engines as shown in a front view 1n FIG.
10A and a longitudinal sectional view in FIG. 10B, only a
central portion 153a of a nozzle body tip portion 153
exposed to an 1nterior of the combustion chamber protrudes
in a conical shape. On the contrary, a peripheral portion 1535
1s not protruded, therefore, a right-angle corner portion 153d
1s formed between a nozzle body outer peripheral surface
153¢ and the peripheral portion 153b. As a result, heat
generated by combustion easily concentrates from the
periphery at the corner portion 1534d. The heat at the corner
portion 1534 1s conducted to a nozzle hole 154, and the
temperature thereof also easily increases, resulting 1n more
likelihood of promoting accumulation of deposits.
Moreover, a recessed portion 153¢ formed between the
protruding central portion 1534 and the peripheral portion
153b enlarges the surface, and heat generated by combustion
even further increases the temperature of the corner portion
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1534 and the central portion 153a through the enlarged
surface. This increases the temperature of the nozzle hole
154 even further, thus promoting accumulation of deposits.

Another conventional arrangement 1s shown 1n a front
view 1n FIG. 11A and a longitudinal sectional view 1n FIG.
11B, 1n which an entire nozzle body tip portion 203 exposed
to an imterior of the combustion chamber 1s protruded 1n a
conical shape. However, a central portion 203a 1s further

protruded from a tip surface 203¢ of a peripheral portion
203b. Theretore, a recessed portion 2034 1s formed between
the protruding central portion 2034 and the tip surface 203c
of the peripheral portion 203b. This results in that heat
generated by combustion even further increases the tem-
peratures of the peripheral portion 203b and the central
portion 203a through a surface enlarged by the recessed
portion 203d. This causes a problem that the temperature of
the nozzle hole 204 easily increases, thus promoting accu-
mulation of deposits.

SUMMARY OF THE INVENTION

In order to solve the foregoing problems, 1t 1s an object of
the 1nvention to provide a fuel 1njection valve body for a
direct 1njection type internal combustion engine that can
control the temperature of a nozzle hole.

To achieve the foregoing object a fuel injection valve
body for a direct 1njection type mternal combustion engine
injects fuel directly into a combustion chamber of the
internal combustion engine, according to one aspect of the
invention, 1s shaped such that an entire nozzle body tip
portion formed with a nozzle hole and exposed to an interior
of the combustion chamber 1s formed into a protruded shape
without forming a corner portion or a recessed portion on a
surface thereof.

If the nozzle body tip portion 1s not formed such that the
entire nozzle body tip portion 1s protruded and free from a
corner portion, heat generated by combustion tends to con-
centrate at the corner portion. The temperature of the nozzle
hole, therefore, tends to increase because of heat conduction
from the corner portion, thus promoting accumulation of
deposits. When there 1s a recessed portion on the surface
thereof, heat generated by combustion increases the tem-
perature of the nozzle body tip portion 1s conducted from the
surface enlarged by the recessed portion and, which results
in easily increasing the temperature of the nozzle hole. This
again 1n turn promotes accumulation of deposits.

Contrary to that, if the entire nozzle body tip portion of the
fuel imjection valve body 1s formed 1nto a protruded shape
without forming a corner portion or a recessed portion on the
surface thereof, no corner portions are formed and the
surface 1s not unnecessarily enlarged. As a result, the tem-
perature of the nozzle hole can be prevented from increasing
and accumulation of deposits can be restricted.

To achieve the foregoing object, a fuel injection valve
body for a direct 1njection type mternal combustion engine
that injects fuel directly into a combustion chamber of the
internal combustion engine may comprise a nozzle body tip
portion which forms a nozzle hole therein and 1s exposed to
an 1nterior of the combustion chamber, and a cap disposed
on a periphery of the nozzle body so as to secure the nozzle
body onto a main body side of the fuel injection valve body.
In this arrangement, a continuous tip portion 1s formed of the
nozzle body tip portion and tip of the cap. The entire
confinuous tip portion 1s formed in a protruded shape
without forming a corner portion or a recessed portion on a
surface thereof.

The continuous tip portion prevents the temperature of the
tip portion of the cap from increasing, thus preventing the
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temperature of the nozzle body tip portion from increasing
through heat conduction from the tip portion of the cap.
Therefore, the temperature of the nozzle hole can be pre-
vented from increasing and accumulation of deposits can be
restricted.

To achieve the foregoing object, according to a yet further
aspect of the mvention, a fuel 1njection valve body for a
direct mjection type mternal combustion engine that injects
fuel directly into a combustion chamber of the internal
combustion engine may be provided, wherein a part of a
nozzle body tip portion, in which a nozzle hole 1s formed and
which 1s exposed to an interior of the combustion chamber,
1s covered through a gap with a tip portion of a cap, which
1s disposed on a periphery of the nozzle body so as to secure
the nozzle body onto a main body side.

The arrangement, 1n which a part of the nozzle body tip
portion 1s covered with the tip portion of the cap through the
gap, reduces a part of the nozzle body tip portion that is
exposed to combustion flame, which prevents the tempera-
ture of the nozzle body tip portion from increasing. In
addition, thanks to the gap, heat 1s not directly conducted to
the nozzle body tip portion even when the temperature of the
tip portion of the cap increases, which effectively prevents
the temperature of the nozzle body tip portion from increas-
ing caused by heat transfer from the tip portion of the cap.
Theretfore, the temperature of the nozzle hole can be pre-
vented from 1ncreasing and accumulation of deposits can be
restricted.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features, advantages, tech-
nical and industrial significance of this mvention will be
better understood by reading the following detailed descrip-
fion of preferred embodiments of the invention, when con-

sidered 1n connection with the accompanying drawings, in
which:

[FIG. 1] FIG. 1 1s a schematic longitudinal sectional view
showing a direct 1njection type gasoline engine to which a
fuel 1njection valve according to a first embodiment of the
invention 1s mounted.

[FIG. 2A] FIG. 2A 1s a front view showing a tip portion
of the fuel mjection valve according to the first embodiment
of the mvention.

[FIG. 2B] FIG. 2B is a longitudinal sectional view show-
ing the tip portion of the fuel injection valve according to the
first embodiment of the invention.

[FIG. 3A] FIG. 3A 1s a front view showing a tip portion
of the fuel 1njection valve according to a second embodi-
ment of the invention.

[FIG. 3B] FIG. 3B is a longitudinal sectional view show-
ing the tip portion of the fuel injection valve according to the
second embodiment of the 1nvention.

[FIG. 4A] FIG. 4A 1s a front view showing a tip portion
of the fuel mjection valve according to a third embodiment
of the invention.

|[FIG. 4B] FIG. 4B is a longitudinal sectional view show-
ing the tip portion of the fuel injection valve according to the
third embodiment of the mvention.

[FIG. SA] FIG. 5A 1s a front view showing a tip portion
of the fuel mjection valve according to a fourth embodiment
of the invention.

|[FIG. 5B] FIG. 5B is a longitudinal sectional view show-
ing the tip portion of the fuel injection valve according to the
fourth embodiment of the invention.

[FIG. 6 A] FIG. 6A 1s a front view showing a tip portion
of the fuel injection valve according to a fifth embodiment
of the invention.
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|FIG. 6B FIG. 6B i1s a longitudinal sectional view show-
ing the tip portion of the fuel injection valve according to the
fifth embodiment of the mvention.

FIG. 7A] FIG. 7A is a front view showing a tip portion
of the fuel mjection valve according to a sixth embodiment
of the ivention.

|FIG. 7B] FIG. 7B is a longitudinal sectional view show-
ing the tip portion of the fuel injection valve according to the
sixth embodiment of the invention.

|FIG. 8A] FIG. 8A is a front view showing a tip portion
of the fuel mjection valve according to a seventh embodi-
ment of the ivention.

|FIG. 8B]| FIG. 8B is a longitudinal sectional view show-

ing the tip portion of the fuel injection valve according to the
seventh embodiment of the invention.

[FIG. 9A] FIG. 9A is a front view showing a tip portion
of the fuel injection valve according to a eighth embodiment
of the 1nvention.

[FIG. 9B] FIG. 9B is a longitudinal sectional view show-
ing the tip portion of the fuel injection valve according to the
cighth embodiment of the 1nvention.

| FIG. 10A ] FIG. 10A is a front view showing a tip portion
of a convention a fuel injection valve.

|[FIG. 10B] FIG. 10B is a longitudinal sectional view
showing the tip portion of the conventional fuel 1njection
valve.

|FIG. 11A] FIG. 11A is a front view showing a tip portion
of a second conventional fuel 1njection valve.

|[FIG. 11B] FIG. 11B is a longitudinal sectional view
showing the tip portion of the second conventional fuel
injection valve.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following description and the accompanying
drawings, the mvention will be described 1n more detail in
terms of preferred embodiments.
| A First Embodiment]

FIG. 1 1s a schematic longitudinal sectional view showing,
a direct 1njection type gasoline engine to which a fuel
injection valve 2 according to a first embodiment of the
invention 1s mounted. An intake port 10 and an exhaust port
12 are connected to a combustion chamber 8 formed 1nside
a cylinder block 4 and a cylinder head 6 as shown by dashed
lines. Two 1ntake ports 10 and two exhaust ports 12 are
provided for each cylinder, and each of the intake ports 10
and the exhaust ports 12 1s opened and closed by an intake
valve 14 and an exhaust valve 16, respectively.

The fuel mnjection valve 2 1s mounted in a mounting hole
17 formed in the cylinder head 6 at a location between the
two 1ntake ports 10. A tip portion 2a of the fuel injection
valve 2 1s exposed to an interior of the combustion chamber
8. According to this arrangement, the fuel 1injection valve 2
1s mounted such that it can directly inject fuel into the
combustion chamber 8. In the fuel mmjection valve 2, a nozzle
hole 1s formed 1n a tip portion 3a so that an atomized mist
of fuel of a relatively thin sector shape 1s 1njected. A cavity
20 1s formed 1n a top face 18a of a piston 18. In stratified
charge combustion, fuel 1s 1injected from the fuel 1njection
valve 2 mto this cavity 20 1n a latter half of a compression
stroke as shown by the chain line 1n the figure. The fuel then
advances by making use of penetration force thereof along
a bottom wall 20a and a side wall 20b of the cavity 20. As
the fuel advances, 1t absorbs heat and gradually vaporizes,
and 1s eventually detlected by the side wall 205 of the cavity
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20 towards a direction of an 1gnition plug 22 installed on a
side of the cylinder head 6. A combustible fuel-air mixture
having a good 1gnition performance i1s thereby formed
around the 1gnition plug 22 at an 1gnition timing of stratified
charge combustion, thus stratified combustion 1s enabled.

FIGS. 2A and 2B show a structure of the tip portion 2a of
the fuel mjection valve 2. FIG. 2A 1s a front view and FIG.
2B 1s a longitudinal sectional view. A cap 24 1s fitted into an
outer periphery of the nozzle body 3. Though not shown, a
base portion side of the cap 24 1s mounted onto a main body
side of the fuel inmjection valve 2. This causes the cap 24 to
secure the nozzle body 3 on the main body side of the fuel
injection valve 3.

The entire tip portion 3a of the nozzle body 3 exposed to
the interior of the combustion chamber 8 protrudes 1n a
conical shape directly from an outer peripheral surface 3b of
the nozzle body. A foremost portion 3¢ of the nozzle body
tip portion 3a 1s formed 1nto a spherical shape. The spherical
foremost portion 3¢ and a conical peripheral portion 3d are
connected without forming a recessed portion (153e, 203d)
described in the conventional examples (FIGS. 10 and 11).

A nozzle hole 26 1s formed 1n the foremost portion 3¢ of
the nozzle body 3 at angles with respect to an axial direction
of the fuel injection valve 2 to ensure that fuel 1s injected 1n
a required angle. The nozzle hole 26 1s connected to a fuel
supply passage 30 via a cavity 28 formed 1nside the nozzle
body 3, through which fuel under high pressure 1s supplied.
A needle 32 disposed mside the nozzle body 3 1s driven by
an electromagnetic drive mechanism inside the fuel injection
valve 2 and opens and closes the fuel injection valve 2, with
a periphery of the cavity 28 functioning as the seat portion
thereof.

The following effects can be obtained from the first
embodiment described as above.

(1) Since the entire nozzle body tip portion 3a protrudes in
a conical shape from the nozzle body outer peripheral
surtace 3b covered with the cap 24, no corner portions or
recessed portions are formed on a surface thereof. Therefore,
heat generated by combustion does not concentrate at a
corner portion, or a surface area 1s not enlarged by a recessed
portion, whereby heat generated by combustion does not
increase the temperature at the nozzle body tip portion 3a.

Likewise, since the spherical foremost portion 3¢ 1s
formed such that 1t does not form a corner portion or
recessed portion 1n the conical peripheral portion 34, heat
ogenerated by combustion increases the temperature of the
nozzle body tip portion 3a. This effectively prevents the
temperature of the nozzle hole 26 from increasing and
deposits from accumulating,.
| A Second Embodiment]

FIGS. 3A and 3B show a structure of a tip portion 42a of
the fuel injection valve body according to a second embodi-
ment of the mvention. FIG. 3A 1s a front view and FIG. 3B
1s a longitudinal sectional view. The second embodiment
differs from the first embodiment 1n that a tip portion 54a of
a cap 54 1s formed with a nozzle body tip portion 43a 1nto
a continuous tip portion of a conical shape and the entire
continuous tip portion protruding without forming a
recessed portion on a surface thereof. Other constructions of
the second embodiment are the same as those of the first
embodiment, including a foremost portion 43¢ of the nozzle
body tip portion 43a formed into a spherical shape.

The following effects can be obtained from the second
embodiment described as above.

(1) The same effects as those described in (1) of the first
embodiment can be generated.

(i1) Since the tip portion S4a of the cap 54 is formed with
the nozzle body tip portion 43a 1nto a continuous tip portion,
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it even further prevents heat from concentrating at the tip
portion 54a of the cap 54 and the temperature of the nozzle
hole 56 from increasing through heat transfer from the cap
54 side. As a result, the effect of preventing accumulation of

deposits 1s even more enhanced.
| A Third Embodiment]

FIGS. 4A and 4B show a structure of a tip portion 62a of
the fuel 1njection valve body according to a third embodi-
ment of the invention. FIG. 4A 1s a front view and FIG. 4B
1s a longitudinal sectional view. The third embodiment
differs from the first embodiment in that a tip portion 64a of
a cap 64 extends along a nozzle body tip portion 63a and
covers a part of the nozzle body tip portion 63a through a
gap 65. Other constructions of the third embodiment are the
same as those of the first embodiment.

The following effects can be obtained from the third
embodiment described as above.

(1) The same effects as those described in (1) of the first

embodiment can be generated.
(11) Since a part of the nozzle body tip portion 63a is

covered with the tip portion 64a of the cap 64 through the
gap 65, a smaller area 1n the nozzle body tip portion 63a 1s
exposed to a combustion flame. This prevents the tempera-
ture of the nozzle body tip portion 63a from increasing.
Even if the temperature of the tip portion 64a of the cap 64
increases, the gap 65 blocks a direct transfer of heat to the
nozzle body tip portion 63a, which prevents the temperature
of the nozzle body tip portion 63a from increasing. As a
result, the temperature of the nozzle hole 66 can be pre-
vented from 1ncreasing and accumulation of deposits can be
restricted.

| A Fourth Embodiment]

FIGS. 5A and 5B show a structure of a tip portion 72a of
the fuel mjection valve body according to a fourth embodi-
ment of the invention. FIG. 5A 1s a front view and FIG. 5B
1s a longitudinal sectional view. The fifth embodiment differs
from the first embodiment 1n that the entire nozzle body tip
portion 73a protrudes 1n a spherical shape. Namely, it
protrudes directly from an outer peripheral surface 73b of
the nozzle body 73 1n a spherical shape. A nozzle hole 76 1s
opened near an apex of the nozzle body tip portion 73a.
Other constructions of the fourth embodiment are the same
as those of the first embodiment.

The following effects can be obtained from the fourth
embodiment described as above.

(1) Since the entire nozzle body tip portion 73a protrudes
in a spherical shape directly from the outer peripheral
surface 73b of the nozzle body 73, a corner portion or a
recessed portion cannot be formed on a surface thereof. The
same effects as those described in (1) of the first embodiment
can therefore be generated.
| A Fifth Embodiment]

FIGS. 6A and 6B show a structure of a tip portion 82a of
the fuel imjection valve body according to a fifth embodi-
ment of the mnvention. FIG. 6A 1s a front view and FIG. 6B
1s a longitudinal sectional view. The fifth embodiment ditfers
from the first embodiment 1n that a tip portion 84a of a cap
84 and a nozzle body tip portion 83a¢ form a continuous tip
portion, and the enftire continuous tip portion protrudes in a
spherical shape. A nozzle hole 86 1s opened near an apex of
the nozzle body tip portion 83a. Other constructions of the
fifth embodiment are the same as those of the first embodi-
ment.

The following effects can be obtained from the fifth
embodiment described as above.

(1) The same effects as those described in (1) of the first
embodiment and 1n

(i1) of the second embodiment can be generated.
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| A Sixth Embodiment ]

FIGS. 7A and 7B show a structure of a tip portion 92a of
the fuel mjection valve body according to a sixth embodi-
ment of the invention. FIG. 7A 1s a front view and FIG. 7B
1s a longitudinal sectional view. The sixth embodiment
differs from the fifth embodiment 1n that a tip portion 944 of
a cap 94 extends along a nozzle body tip portion 934 and
covers a part of the nozzle body tip portion 93a through a
gap 95. Anozzle hole 96 1s opened near an apex of the nozzle
body tip portion 93a. Other constructions of the sixth
embodiment are the same as those of the third embodiment.

The following effects can be obtained from the sixth
embodiment described as above.

(1) The same effects as those described in (1) of the first
embodiment and in (ii) of the third embodiment can be
generated.

| A Seventh Embodiment]

FIGS. 8A and 8B show a structure of a tip portion 1024
of the fuel injection valve body according to a seventh
embodiment of the invention. FIG. 8A 1s a front view and
FIG. 8B i1s a longitudinal sectional view. The seventh
embodiment differs from the third embodiment 1n that the
entire nozzle body tip portion 1034 does not protrude, but
only a central portion 103b protrudes in a conical shape and
a foremost portion 103c¢ thereof forms a spherical shape,
though a peripheral portion 103d 1s a plane perpendicular to
an outer peripheral surface 103e. As a result, a recessed
portion 103f 1s formed 1n the nozzle body tip portion 103a.
The recessed portion 103/ 1s covered with a tip portion 104a
of a cap 104 through a gap 105. Other constructions of the
seventh embodiment are the same as those of the third
embodiment.

The following effects can be obtained from the seventh
embodiment described as above.

(1) A part of the nozzle body tip portion 103a, particularly,
in this embodiment, the peripheral portion 1034 and the
recessed portion 103/ are covered with the tip portion 1044
of the cap 104 through the gap 105. This reduces an area,
which 1s exposed directly to a combustion flame, of the
nozzle body tip portion 103a. Particularly, either the periph-
eral portion 1034 or the recessed portion 103/ 1s not exposed
directly to a combustion flame. This prevents the tempera-
ture of the nozzle body tip portion 1034 from increasing.
Even if the temperature of the tip portion 1044 of the cap 104
increases, the gap 105 blocks a direct transfer of heat to the
nozzle body tip portion, which prevents the temperature of
the nozzle body tip portion 103a from increasing. The
temperature of a nozzle hole 106 can be prevented from
increasing and accumulation of deposits can be restricted.

| An Eighth Embodiment]

FIGS. 9A and 9B show a structure of a tip portion 1124
of the fuel injection valve body according to an eighth
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embodiment of the invention. FIG. 9A 1s a front view and
FIG. 9B 1s a longitudinal sectional view. The eight embodi-
ment differs from the seventh embodiment in that a central
portion 113b of a nozzle body tip portion 113a, which 1s
covered with a tip portion 114a of a cap 114 through a gap
115, protrudes in a spherical shape. A nozzle hole 116 1s
opened near an apex of the nozzle body tip portion 113a4.
Other constructions of the eighth embodiment are the same
as those of the seventh embodiment.

The following effects can be obtained from the eighth
embodiment described as above.

(1) The same effects as those described in (1) of the seventh
embodiment can be generated.

While the invention has been described with reference to
preferred embodiments thereof, it 1s to be understood that
the 1nvention 1s not limited to the preferred embodiments or
constructions. To the contrary, the mvention 1s 1ntended to
cover various modifications and equivalent arrangements. In
addition, while the various elements of the preferred
embodiments are shown in various combinations and
configurations, which are exemplary, other combinations
and configurations, including more, less or only a single
clement, are also within the spirit and scope of the invention.

What 1s claimed 1s:

1. A tuel 1njection valve body for a direct injection type
internal combustion gasoline engine that injects fuel directly
into a combustion chamber of the gasoline engine and
executes a stratified charge combustion by forming high
concentration stratified mixture air around an ignition plug,
comprising:

a nozzle body tip portion, wherein the nozzle body tip
portion 1s formed with a nozzle hole to 1nject a fuel
directly to the combustion chamber and formed 1n a
protruded shape without forming a corner portion or a
recessed portion on a surface thereof, the nozzle hole
being exposed to the combustion chamber, and

a cap disposed on an outer periphery of the nozzle body
tip so as to secure the nozzle body tip to a main body
of the fuel 1njection valve, and

wheremn a gap 1s formed between the nozzle body and a

tip portion of the cap.
2. The tuel injection valve body for a direct injection type
internal combustion engine according to claim 1, wherein:

the nozzle body tip protrudes in a conical shape and the

tip of the conical shape i1s spherical.
3. The tuel injection valve body for a direct injection type
internal combustion engine according to claim 1, wherein:

the nozzle body tip 1s spherical.
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